DRILL SLED Adaptation to Tiburon DESIGN REQUIREMENTS 

2.0 Overall performance Specifications: 

1. The maximum power used from Tiburon is 5.3kW from either the hydraulic system or electric system.

2. The minimum stall torque at the drillstring is 150 Nm.

3. The drill string speed range needs to be variable from 0-400 RPM minimum. The hydraulic system should be optimized to allow the “low” power setting on Tiburon’s hydraulic pump for maximum system efficiency.

4. The drillstring drive must be fully reversible. 

3.0 Mechanical Design Items/Specifications:  

1. Frame Fab. – Manufacture Tiburon Tool Sled frame. This will be a standard frame configuration, with the following exceptions.

a. The drill head / drill motor will occupy the space open to the ADCP current meter.  Therefore, the ADCP will be unusable during drilling dives.

b. The vertical supports currently in this space will be moved to accommodate the drill head and still provide load support to Tiburon.  

2. Bracket/Mount Fab. – As the frame spacing between the two tool sleds is different, new mounting brackets will be manufactured for each piece of the drill at the time of assembly.  

a. The active drilling barrel will remain on the centerline of the sled.  

b. The front mounting frame and “horns” must be remanufactured to accommodate the light bar on Tiburon.  

3. Hydraulic Circuit – The hydraulic circuit will remain the same with one exception.  

a. Based on testing the hydraulic motor driving the water circ. Pump will be changed to reduce the required horsepower.  Minimum water flow rate approximately 5 gal./min. @ 30 p.s.i. (estimated 0.2 HP).

4. Pressure Comp. Sys. – The existing pressure compensation system will remain unchanged.   

5. Explosive Cutter – The current explosive cutter will be changed out for a new model with a 4000 meter depth rating.  This unit should be the same physical dimensions as the original, and have the same electrical characteristics.

6. Maximum toolsled weights – 1300 lbs. in air, 450 lbs. in sea-water.

To better counter thrust force vectors that want to drive the drillsled down vertically, the “stand-off points” on the sled will be hardened steel. 

4.0 Electrical Design Requirements

Electrical system for driving the existing hydraulic valves for the following functions:

Interface to existing explosive cutter

Drill carriage advance and retract motion

Drill advance/retract - 4 way 3 position “Valve Research 9043-2 +24V” (4 way, 3 position, 20W at 28V) - typical

Drill index CW and CCW rotation – 4 way 3 position valve
Inner latch open and close – 4 way 3 position valve
Outer latch open and close - 4 way 3 position valve
Water flow enable – electric motor

Drill rotation speed high/low/off – rate valve “Atchely Servo Valve”

Drill rotation reverse

5.0 Real time drillsled control software on Toolsled DCON and Tiburon

Integration of drillsled DCON with Tiburon control software.

Support listed toolsled DCON functions:

DCON Micro humidity value and alarm state

DCON Micro temperature value and alarm state

DCON Micro water alarm status

DCON Micro j-box water alarm status

Ground fault value and alarm state

Provide Data Manager items for database logging:

Weight on bit

Drill RPM

Motor differential pressure

6.0 Data logging application software 

Ensure reliable load path to MBARI data-base for drillsled Data Manager items:

Weight on bit

Drill RPM

Motor differential pressure

ROV heading

ROV pitch

ROV roll

7.0 GUI Software

User interface for drillsled applications running on Tiburon real-time system.

Provide functions for the following actions:

Drill advance – binary valve

Drill retract – binary valve

Drill index CW rotation – binary valve

Drill index CCW rotation – binary valve

Inner latch open – binary valve

Inner latch close – binary valve

Outer latch open – binary valve

Outer latch close – binary valve

Water flow high/low – slide bar

Water flow enable – Toggle on/off button

Drill torque high button

Drill torque low button (toggles with above)

Drill rotation speed high/low/off – speed slide bar and toggle on/off button

Drill rotation reverse

Provide display for the following values:

Weight on bit

Drill RPM

Motor differential pressure

Micro humidity value and alarm state

Micro temperature value and alarm state

Micro water alarm status.

Ground fault value and alarm state

Low power switch state and values

8.0 Testing:


The following tests are expected before final delivery:

1. Load Test – A test plan will be completed, and a drill load test, with the existing drill sled, against real world materials (granite rock) will be done.  This will establish real pressures and flows at each hydraulic part. 

2. Function test – A complete functional test will be done on the sled assembly when completed.  This will be done in the shop on the hydraulic test bench.  

3. Installation/Dock test – The final complete sled, installed on Tiburon, should be cycled to simulate real field conditions.

4. One sea-trial test of entire system, including actual rock drilling on representative types will be conducted before science mission.

Risk Assessment

1. Hydraulic approach has less risk

a. Uses much of existing system.

b. Minimal software changes from “generic” application framework.

c. Assigned resource allocations are close to predicted need.

c. Lower performance but meets functional requirements.

2. Electric drive

a. At least 2 weeks additional SE time to port motor control to IBC 196.

b. Gearbox design increases ME resource requirement.

c. More testing needed to characterize stall behavior.

d. Higher overall performance than hydraulic system, but stalling “motor trips” might be operational problem.

Hydraulics Vs. Electric

Hydraulics @ 3.4 GPM (780 cu.in.) and 2850 PSI = 5.3kW

Motor displacement

RPM


Torque

4.9 cu. in.



0-216

150

2.45 cu. in.



0-318

95

0.91 cu. in.



0-856

47

Electric @ 4:1 gear reduction
= 5.3kW

25-500 92

Electric @ 5:1 gear reduction
= 5.3kW

20-400 115

Drill Rotation Existing Performance (from test)

Under “normal” non-binding conditions:

Worst case power = 1.08HP @ 500 RPM

Torque = 16Nm

Electrical Design Approach

Standard toolsled DCON implementation using “stock” card designs.

Adapt explosive cutter circuit to DCON interface

Support feedback measurements shown on requirements

Electric motor used for water pump (Dale’s)

Hydraulics used as “prime mover”

Calculations for Hydraulic Power (1)

1. Hydraulic pump “high” setting = 3.4 GPM @ 5300 Watts

2. Jon’s thrust vector calculations show that for 220 lbs. WOB + 50 lbs.  “wall holding”:

horizontal thrust = 270 lbs.

vertical thrust = 139 lbs.

3. Calculating vehicle power budget shows 1350 Watt surplus at these thrust values.

4. How to achieve functional requirements with Tiburon’s hydraulic power capability??

5. Using existing hydraulic motor with 3.6 cu. in. displacement:

a. Hydraulic setting “high”: 216 RPM @ 150 Nm

b. Hydraulic setting “low”: 144 RPM @ 150 Nm

(Hydraulic setting “low” translates to about extra 100 lbs. WOB available)

Calculations for Hydraulic Power (2)

6. Using Two speed motor such as Char-Lynn 2000 series with 4.2 cu. in. displacement:

a. Hydraulic setting “high”:

High speed = 318 RPM @ 95 Nm


Low speed = 160 RPM @ 220 Nm

b. Hydraulic setting “low”: 144 RPM @ 150 Nm

High speed = 212 RPM @ 95 Nm


Low speed = 106 RPM @ 220 Nm

(Hydraulic setting “low” translates to about extra 100 lbs. WOB available)

7. Using variable speed motor such as Eaton model 3145 with .91 to 3.06 cu. in. displacement:

c. Hydraulic setting “high”:

High speed = 856 RPM @ 47 Nm


Low speed = 255 RPM @ 157 Nm

d. Hydraulic setting “low”: 144 RPM @ 150 Nm

  
High speed = 571 RPM @ 47 Nm


Low speed = 170 RPM @ 157Nm

(Hydraulic setting “low” translates to about extra 100 lbs. WOB available)

How does design approach meet functional requirements?

1. Leaves enough power for thrust on Tiburon to meet minimum WOB requirements.

2. Provides equal or greater torque than Ventana design.

3. Provides equal or greater RPM as Ventana design.

4. Achieves these goals with resource estimates close to project allocation.

